Abstract-Formaldehyde is not only a carcinogenic chemical, but also causes sick building syndrome. Very small amounts of formaldehyde, such as those emitted from building materials and furniture, pose great concerns for human health. A Health Canada guideline, proposed in 2005, set the maximum formaldehyde concentration for long term exposure (8-hours averaged) as 40 ppb (50 μg/m 3 ). This is a low concentration that commercially available formaldehyde sensors have great difficulty to detect both accurately and continuously. In this paper, we report a formaldehyde gas detection system which is capable of pre-concentrating formaldehyde gas using absorbent, and subsequently thermally desorbing the concentrated gas for detection by the electrochemical sensor. Initial results show that the system is able to detect formaldehyde gas at the ppb level, thus making it feasible to detect trace amount of formaldehyde in indoor environments.
INTRODUCTION
Formaldehyde is a common pollutant in indoor air [1] [2] [3] [4] . It mainly comes from two sources. The first one is the emissions from building materials and furniture; such as the pressed wood products that use adhesives containing formaldehyde; adhesives; floor finishings; paints; wall papers, varnishes and etc. The other source is from the burning of materials, for example smoking. Health Canada report [1] shows long-term exposure may result in respiratory symptoms such as coughing and wheezing, and allergic sensitivity, especially in children. The risk of irritation or burning sensation in eyes, nose and throat from short-term exposure grows with increasing concentration. There is also an increased likelihood of respiratory symptoms from long-term exposure. It is reported that there is a significant positive association between formaldehyde exposure and childhood asthma [5] . In addition, formaldehyde is considered as a carcinogenic gas [6, 7] . Health Canada guideline [1] for short-term (1-hour averaged) exposure of formaldehyde is 123 μg/m 3 (100 ppb) and for long-term (8-hours averaged) exposure is 50 μg/m 3 (40 ppb). Although formaldehyde concentration in majority of residential homes in Canada and France are within those exposure limits, recent reports [2, 3] in both France and Canada show that some homes have formaldehyde concentration over the long-term exposure guideline. For example, studies made by Health Canada scientists show that formaldehyde concentrations in residential indoor air in Prince Edward Island, Canada is between 5.5 to 87.5 μg/m 3 (4.4 to 70 ppb). Formaldehyde detection is normally done by sample collection on-site and analyses in a laboratory. This is a very time consuming process and not suitable for on-site formaldehyde monitoring. Currently, several types of formaldehyde sensors, including photoelectric [8] [9] , electrochemical based devices are commercially available. The majority of them target ppm level formaldehyde gas detection and are not suitable for indoor air quality monitoring. A few commercial off-the-shelf sensors are capable of sensing formaldehyde at tens of ppb concentrations, but they are not suitable for continuously monitoring. Most of those sensors have been evaluated in our labs. But their resolution and accuracy are not good enough for continuous indoor air quality monitoring. In recent years, many research groups are addressing this issue using different approaches [10] [11] [12] [13] [14] . Nevertheless, achieving the ppb detection level still seems a daunting task. In this work, we proposed a preconcentrator based sensing system to significantly improve the detection level of formaldehyde gas. Some initial results are presented in this paper.
II. OPERATION PRINCIPLE AND EXPERIMENTAL
Formaldehyde is a low molecular weight organic gas/vapor. It is very difficult to be directly concentrated using approaches based on solid phase. The general practice is using solutions to trap and concentrate formaldehyde and in the mean time convert it to another chemical in solution prior detection. This is an irreversible process and not suitable for continuous indoor air quality monitoring applications. In this work, we propose to use a solid trap/thermal desorption based preconcentration system for the pre-concentration of formaldehyde gas. This system offers the advantages as: The pre-concentrator was made of a glass tube with a ~6 mm diameter and 35 mm length. 170 mg of absorbent was packed in the middle of the tube. Glass wool was placed at both sides of the absorbent to stop its moving inside in the tube (as illustrated in Fig. 2) . A Nichome heating wire was wrapped around the tube to cover the length of the absorbent. The heater was connected to a solid-state relay operated by a temperature controller. A J-type thermocouple was inserted into the absorbent to monitor the temperature inside the absorbent. This heating system can heat the absorbent to more than 150ºC in less than 30 seconds, and to more than 350ºC in three minutes. A computer fan was placed in close proximity to the preconcentrator to accelerate the cooling process.
The proposed system operates in three steps:
Step 1 absorption. Valves 3, 4 and 5 are open. The pump pulls the testing gas into the pre-concentrator in the absorption direction for the required period of time. Formaldehyde gas going through the absorbent is trapped/absorbed, while normal air passes through the absorbent as illustrated in Fig. 2 . Fig. 2 Mechanism of pre-concentrator operation
Step 2 desorption. Valves enabling the absorption are closed. The pre-concentration tube is heated to a temperature of ~150°C to release the formaldehyde collected by the absorbent. Then the valves (valves 1, 2 and 6) controlling the desorption flow are open and enable the sensor to detect the concentrated formaldehyde gas.
Step 3 Conditioning of the pre-concentration tube. The tube is cooled to room temperature for the next formaldehyde testing cycle. If it is needed, the tube can be heated to high temperature, such as 350°C, to clean the absorbent. Fig. 4 presents the results of the pre-concentrator operating with the formaldehyde detection system as illustrated in Fig. 1 . The results clearly show that the pre-concentrator significantly improves the detectability of formaldehyde. The concentration factor increases with the decrease of the formaldehyde concentration. A concentration factor of more than 40 times has been achieved when sampling formaldehyde at concentrations lower than 170 ppb. It should be noted that the Membrapor electrochemical transducer in the absence of the preconcentrator could not give a reliable reading when the formaldehyde concentration is 10 ppb. This is consistent with all the commercial off-the-shelf sensors we have evaluated in our laboratories. However, our pre-concentrator effectively increases the gas concentration to 776 ppb under the same experimental condition and this yields a more reliable measurement. We have checked the relationship between the concentration and the absorption time. Fig. 5 shows the results when sampling formaldehyde at 70 ppb. As it can be seen, the concentration factor increases linearly with the absorption time when the absorption time is less than 15 min suggesting that the concentration factor can be easily adjusted if needed by controlling the absorption time. The repeatability of the system was also tested. Some results are shown in Fig. 6 . The concentration factor at the same conditions were tested in two consecutive days and the results were the same, thus proving the repeatability of the system. Fig. 6 Repeatability test of the pre-concentrator based formaldehyde detection system (70 ppb formaldehyde source) IV. CONCLUSIONS We have successfully developed a prototype for a preconcentrator for the detection of trace amounts of formaldehyde. The concentration factor increases as the formaldehyde concentration decreases. The factor is greater than 40 times when the formaldehyde concentration is less than 100 ppb. This makes the detection of trace amount of formaldehyde in indoor environments feasible when combining our pre-concentrator with most of the commercial available sensors. 
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